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Please cancel claims 18, 80, 86, and 89. Please amend claims 1 1. 20, 81-84. and 88. 
The claims arc as follows. 

1 . (Prcvioiisly presented) A solder composition, comprising a solder alloy, 
wherein Uic alloy is substantially free of lead, 

wherein the alloy includes tin (Sn), silver (Ag), copper (Cu), and bismuth (Bi). 
wherein Ihe tin has a weight percent concentration in the alloy of at least about 90%, 
wherein the silver ba$ a weight percent concentration of X in the alloy, 
wherein X is sufficiently small that formation of AgjSn plates is substantially suppressed 

when the alloy in a liquefied state is being solidified by being cooled at to a lower temperature at 

which the solid Sn phase is nucleated, 

wherein the lower temperature corresponds to an undercooling 6T relative to the culectic 

meltiny temperature of tlic alloy, 

wherein the copper has a weight percent concentration in the alloy not exceeding about 

1.5%, and 

wherein the bismuth has a weight percent concentration in the alloy from 0.1% to about 

0.2%,. 

2-4. (Canceled) 

10/078,020 2 
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5. (rrcvioui5ly presented) The composilion of claim 1, wherein the weiglit pevocnl concenlration 
of Ihc tin ill tlio alloy is in a range of 90% to 95%. 

6, (Previously presented) Tho composition of claim 1 , wherein the copper weight percent 
concentration in tho alloy docs not exceed about 0.9%. 

7^8. (Canceled) 

9. (Original) Tho composition of claim 1. wherein X does not exceed about 2.S%. 

10, (Original) The composition of claim 1, wherein X is in a range of about 2.6% to about 2.8%, 

1 ! . (Currently amended) A method for foitning an electrical structure, comprising: 

providing a first substrate and a first solder ball attached to a first electrically conductive 
pad that is coupled to the first substrate, wherein tlie fust solder ball comprises a solder alloy, 
wherein tlie alloy is substantially free of Icod, wherein tlie alloy includes tin (Sn), silver (Ag), and 
copper (Cu), wherein the tin has a weight percent concentration in the alloy of at least about 
90%, and wherein the copper has a weight percent concentration in tlic alloy not exceeding about 
1,5%; 

providing a second substrate and a second electrically conductive pad coupled to 
the second substrate; 

couplini» the first solder ball to the second pad; 

10/075,020 3 
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meUing the first solder ball by heating the first solder ball to form a modified solder ball; 

and 

solidifying the modified solder ball by cooling the modified solder ball to a lower 
temperature at which the solid Sn phase is nucleated, and wherein the lower tcmpeTatiirc 
corrvsiwnds to an undercooling 5T relative to the outoctic mclling temperature of tlie alloy, 
wlicrcii-i \Uc solidified modified solder ball is a solder joint that couples the first substrate to the 
second siibstnUe, and- wheixsin a silver weight percent coneentealion Xj in the modified solder 
ball is sufficiently small that formation of AgjSn plates is sabstantially suppressed during said 
coolia& an d \yhercin s:iid coolin g the mof lified solder ball is at a co.Qling rate in a r ange of ahouj 
J. jJ'C/^fcC t o about 3.0 °C/scc. 

12. (Previously presented) The method of claim 1 1, wherein the alloy fuilhcr includes antimony 
al a wcigbt percent sumcient to suppress tin pest formation in the solidified modified solder ball. 

13. (Original) The method of claim 1 1, wherein docs not exceed Xmax. wherein Xmax »s the 
maximum .silver weight percent concentration in the modified solder ball at wliieh AgjSn plates 
arc Ihcrmodynamically ban ed from being formed in the modified solder ball during said cooling. 

14. (Original) The method of claim 13, further comprising delermtning X^^Ax a function of 6T 
from a looiary phase diagram and associated thermodynamic data relating to a ternary mixture of 
Sn, Ag, andCu. 

10/078,020 4 
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j 5. (Original) The method of claim 1 1, wherein the fivst substrate comprises a chip carrier, and 
wherein the second substrate comprises a circuit card. 

16. (Origin:)!) The method of claim ] 5, wherein Ihc first solder ball is a ball grid array (BGA) 
solder ball. 

1 7. (Original) The method of claim 1 1 , wherein the first substrate comprises a chip, and wherein 
the second substrate comprises a chip carrier, 

18. (Canceled) 

1 9. (Original) The method of claim 1 1 , wherein does not exceed about 2.8%, 

20. (l»rcviously presented) The method of claim 18, wherein wh^ein docs not exceed about 
2.8%. 

21. (OrigijuU) The method of claim 11, wherein the copper weight percent concentration in the 
modified soldLirball docs not exceed about 0.9%. 

22. (Previously presented) The method ofclaim 1 1, wherein the weight percent concentration of 
the tin in ihc alloy is in a range of 90% to 95%. 

10/078,020 5 
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23. (Original) Tlic melhod of claim 1 1, wherein the second pad is a copper pad, aiid wherein the 
copper weight percent conccnlralion in the first solder ball docs not exceed about 0.5%. 

24. (Original) The method ofclaim 11, wherein the second pad is a nickel-gold pad. 

25. (Previously presented) The method of claim 1 1 , wherein the alloy furtlicr includes bismuth, 
and wherein the bismuth has a weight percent concentration in the alloy from 0.1 % to about 
0.?.%. 

26. (Original) The melhod of claim 1 1 , wherein coupling the first solder ball to the second pad 
comprises applying a flux to the second patl and placing the first solder ball in contact with Ihe 
flux, 

27. (Originiil) The method of claim 1 1. 

wherein coupling the first solder ball to the second pad comprises applying a solder paste 
to the second pad and placing the first solder ball in contact with the solder paste, and 

wherein melting the iirst solder ball comprises melting the first solder ball and the solder 
pasttj by heating the first solder ball and the solder paste, such that the melted solder paste is 
incorporated into the melted first solder ball to form the modified solder ball, and such that the 
modified solder ball inchides the solder paste williin the first solder ball. 

28. (l^ruvtously presented) The method ofclaim 27, wherein the solder paste includes a weight 
10/078,020 6 
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pcrccnl silver X,, that cxceedi? the silver wciglil percent concentration Xj in die alloy of the first 
solder ball, and wherein X, - X, is at least 0.2%. 

29. (Previously presented) A method for fomiiiig a solder composition, coroprjsing: 

providing a solder alloy, wherein the alloy is substantially free of leail. wherein the alloy 
includes ti)i (Sn), silver (Ag), and copper (Cu), wherein tlie tin has a weight percent 
concentration in the alloy of at least about 90%. whei cin the silver has a weight percent 
conccntfRlion in the alloy not exceeding about 4.0%, and wherein the copper has a weight 
percent concenlration in the alloy not exceeding about 1 .5%; 

niching Ihc alloy by healing the alloy; and 

solidifyijig the melted alloy by cooling the melted alloy at a cooling rate in a range of 
about 1.2 °C/acc to about 3,0 ^C/sec. 

30. (Original) The melhod of claim 29, further comprising, prior to said solidifyiug, selecting the 
cooling rate that is hi^h enough to substantially suppress said AgjSn plate fonnation in the alloy. 

3 1 . (Previously presented) The method of claim 29, wherein the weight percent concentration of 
the silver in the alloy docs not exceed about 2.8%, 

32. (Previously presented) Tlic method of claim 29, wherein the weight percent concentration of 
the tin in the alloy is in a range of 90% to 95%. 

10/078,020 7 
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33, (Original) Tlic method of claim 29, whcrdn Ihc copper weight percent coiicenUation in the 
mcl led ;il lay docs not exceed about 0.9%. 

34. (Previously presented) T\\o method of claim 2% wherein the alloy further includes antimony 
at a weight percent sufficient to suppress tin pest formation in the solidified alloy, 

35. (Previously presented) The method of claim 29, wherein the alloy further comprises bismuth, 
find wherein the bismuth has a weight pci-cent concentration in the alloy from 0.1% to about 
0.2%. 

36, (Previously presented) A method for forming an electrical structure, comprising: 

providing a fir?;t substrate and a llrst solder ball attached to a first electrically conductive 
pad that is coupled to the first substrate, wherein the first solder ball comprises a solder alloy, 
wherein the alloy is substantially free of lead, wherein the alloy includes tin (Sn), silver (Ag). and 
copper (Cu). wherein the tin hns a weight percent concentration in the alloy of at least about 
90%, wherein the silver has a weight percent conctsntration in the alloy not exceeding about 
4.0%, and wherein the copi)cr has a weight percent concentration in the alloy not exceeding 
about 1 .5%; 

providing a second substrate and a second electrically conductive pad coupled to 
the second substrate; 

coupling the first solder bull to the second pad; 

melting the first solder hall by heating the first solder ball to form a modified solder ball; 
10/078,020 8 
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and 

solidifying the modincd solder ball by cooling the niodificd solder ball at a cooling rate in 
a range of about 1 .2 "C/scclo about 3-0 "C/scc. 

37. (Previously presented) The method of claim 36, wherein the alloy further comprises bismuth 
i\{ A wci<^il percent concentration in the alloy from 0.1% to about 0.2, 

3K. (Original) Tlic method of claim 36, wherein the first substrate comprises a chip carrier, and 
wherein Ihc second substrate comprises a circuit card. 

y). (Orisinal) The mcfliod of claim 38, wherein the first solder ball is a ball grid an:ay (BGA) 
solder ball. 

40. (Original) The method of claim 36, wherein Ihe first subsUate comprises a chip, and wherein 
the second substrate comprises a chip carrier. 

41 . (Previously presented) The method of claim 36, wherein the weight percent concenlralion of 
the silver in the alloy does not exceed about 2.8%. 

42. (Previously presented) The method of claim 36, wherein the weight percent concentration of 
the tin in the alloy is in a range of 90% to 95%. 

10/078,020 9 
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43. (Original) The method of claim 36, wherein the copper weight percent conccnlralion in Ihc 
alloy docs not exceed about 0.9%. 

44. (Oriein.ll) The nii;lhod of olaina 36, wherein the second pad is a copper pad. 

45. (Original) The method of claim 36, wherein tlic sec<)nd pad is a copper pad, and wherein tho 
copper weight perccaii coticentiation in the first solder ball docs not exceed about 0.5%. 

46. (Original) The method ofclaim 36, wherein the second pad is a nickcl-gold pad. 

47. (Previously presented) The mctliod ofclaim 36, wherein the alloy further includes antimony 
at a weight percent siinicicnt to suppress tin pest formation in the modified solder ball. 

48. (Original) The method ofclaim 36, wherein couplit»g the firet solder ball to the second pad 
comprises applying a flux to the second pad and placing the first solder ball in contact with the 
flux. 

49. (Original) The method ofclaim 36, 

wherein coupling the first solder ball lo tbo second pad comprises applying a solder paste 
to the second pad and placing the first solder ball in contact with Uie solder paste, and 

wliorein melting the first solder ball comprises melting (ho first solder ball and the solder 
puiite by heating the first solder ball and the solder piistc, such that the melted solder paste is 

10/078,020 10 
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incoiporaled into the rnclted first solder ball to form Uic modified solder ball. a>id such that Uic 
niodificd solder ball includes the solder paste witliin the &st solder ball. 

50. (Previously presented) A prc-soldering electrical struclure, comprising: 

a first substrate and a first solder ball attached to a first electrically conductive pad that is 
coupled to the first substrate, wherein the first solder ball comprises a solder alloy, wherein the 
alloy is subslaiUially free of lead, whei ein the alloy includes tin (Sn), silver (Ag), copper (Cu), 
and bismuth (Bi), v/bcreiii the tin has a weight percent concentration in the alloy of at least about 
90%, uml wherein the copper has a weight percent concentration in the alloy not cxcccxUng about 
1.5%. and wherein the bismuth has a weight percent concentration in the alloy from 0.1% to 
about 0.2%; 

a second subslrale and a sccon<l electrically conductive pad coupled to the second 
substnito, wlicrein the first solder ball is coupletl to the second pad, wherein the first solder ball is 
adapted to being mchcd by being heated to fon-n a modified solder ball, wherein the modified 
solder ball is adapted to being solidified by being eoolct! to a lower temperature at which the 
solid Sn phase is miclcalcd, wherein the lower temperature corresponds to an undercooling 6T 
relative to the cutectic melting temperature of the alloy, wherein tlic sohdified modified solder 
ball is a solder joint that couples the first substrate to the second substrate, and wherein a silver 
weight percent concentration Xj in the modi ficd solder ball is sufficicnay small that formation of 
AgjSn plates arc substantially suppressed during said cooling. 

5 1 . (Original) The electrical structure of claim 50, wherein the alloy of the first solder ball has a 
10/078.020 H 
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silver weight pcrccut concentration X„ and wherein X, lias a prcdctemiined value based on X, 
being sufncicntly sniall that formation of said AgjSn plules is substantially suppressed darins 
cooUne of said modified solder hall. 

52. (Original) The electrical stniciiuc of claim 50, wherein X^ docs not exceed X„«<, wherein 
Xmax is the tnaxinium silver weight percent concentration in the modified solder ball at which 
AgjSn plates arc thcnTiodynamically barred from being fom-icd in the modified solder ball dining 
said cooling. 

53. (Original) The electrical structure of claim 52, wherein Xj^^x is a function of 6T. said 
funclton being derived from a ternary phase diagram and associated thermodynamic dala relating 
to a ternary mixture of Sn, Ag, and Cu. 

54. (Original) The electrical stmcluve of claim 50, wherein the first substrate comprises a chip 
carrier, and wherein the second substrate comprises a circuit cai-d. 

55. (Original) The electrical structure of claim 54, wherein the first solder ball is a ball grid array 
(BGA) solder ball. 

56. (Original) The electrical structure of claim 50, wherein the first substrate comprises a chip, 
and wherein the second substrate comprises «k chip earner. 

10/078,020 12 
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57. (Previously prcsvjntcd) The clcclricnl stmcture of claim 50, the wdgbl percent concentration 
of the till in the alloy is in a range or90% to 95%. 

58. (Original) The electrical sU^iclure of claim 50, wherein docs not exceed about 2,8%. 

59. (Original) I he electrical structure of claim 50, wherein the solder paste includes a weight 
percent silver Xp th;il exceeds X„ wherein X, is the weight percent silver in the first solder ball, 
and wherein X? - X, is at least 0.2%). 

60. (Original) The electrical stnicture of claim 50, whci-cin the copper weight percent 
conccnlnuion in the modified solder ball during cooling is sufficiently small that the pasty range 
of the modi fiod solder b;i! 1 during cooling docs ixot exceed about 10 °C.. 

61 . (Original) The electrical structure of claim 50, wherein the copper weight percent 
concentration in the modified solder ball docs not exceetl about 0.9%. 

62. (Canceled) 

63. (Pfoviou.sly presented) The electrical stmcture of claim 50. wherein the second pad is a 
copper pad, and wherein the copper weight percent concentration in the first solder ball docs not 
exceed aboiil 0.5%. 

10/078,020 13 
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64. (Originol) The electrical slruclurc of claim 50. wherein the second pad is a nickel-gold pad. 
65-66. (Canceled) 

67. (Original) The electrical structure of claim 50, wherein the first solder ball is coupled to the 
second pad by a flux that is applied to the second pad such that the first solder ball in contact 
with the flnx. 

68. (Ofifiinal) The electrical structure of claim 50, 

wherein Ihe first solder ball is coupled to the second pad by a solder paste that is applied 
to iho second pad such that the first solder ball in contact with the solder paste; and 

wherein the first solder ball is adapted to being melted by healing tlie first solder ball and 
the solder paste, such thai (ho molted solder paste is incorporated into the melted first solder ball 
to fonii the modified solder ball, and such that the modified solder ball includes the solder paste 
within the first solder ball. 

69. (Previously presciilcd) A post-soldering electrical structure comprising: 

a first substrate; and 

a second substrate, wherein the first substrate is coupled to the second substrate by a 
solder joint, wherein the solder joint comprises an alloy, wherein the alloy is substantially free of 
lead, wherein the alloy includes tin (Sn), silver (Ag), copper (Cu), and bismuth (Bi), wherein the 
tin hns a weinht percent concentration in Hxa alloy of at least about 90%, wherein the silver has a 

10/078,020 14 
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wdghl percent concentration in the alloy of Xj. wherein X, is sufficienily small that Ag,Sn plates 
arc substimtinlly absent in the solder joint, wherein the copper has a weight percent concentration 
in the alloy not exceeding about 1.5%, and wherein the bismuth has a weight percent 
concciitralion in the alloy from 0.1% to abont 0.2%. 

70. (t>rcvioiisly presented) The electrical structure of claim 69, wherein the weight percent 
concenlmtion of the tin in the alloy is in a range of 90% to 95%. 

7 1 . (Original) The electrical stmctiire of claim 69, wherein the first substrate comprises a chip 
carrier, and wherein the second substrate comprises a circuit card. 

72. (Original) The electrical stnictiirc of claim 71 wherein the solder joint includes a ball grid 
ii iTay (BOA) solder ball . 

73. (Original) The electrical structure of claim (59, wherein the first substrate comprises a chip, 
and wherein the second substrate comprises a chip carrier. 

74. (C'anccleil) 

75. (Original) Tlic electrical structure of claim 69, wherein Xj does not exceed about 2.8%, 

76. (Citnccled) 

10/078,020 15 
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77. (Orisinul) Tlic clcdrtcal slrucUirc of claim 69, wherein the copper weight percent 
concentration in the soldcf joint docs nol exceed about 0.9%, 



78-79. (Canceled) 



80, (Cancelled) 



81 . (CuiTcnlly amended) The solder composition of claim 86 83, wherein the alloy further 
includes bismiilii fit a weight percent concentration in the alloy from 0.1% to about 0.2%. 

82. (Oirrcnlly amended) The solder composition of claim 60 83, wherein the alloy finlher 
includes antimony at a weight percent sufficient to suppress tin pest formation in the alloy during 
a subscquonl cooling of the alloy. 



83. (Currently amended) coi np c. i.itiun of chmrh composition^mprisin^ a sold er 

aljoy. 

ujicrgin the alloy is substan tiall y free of le> i4„ 

wherei n the alloy in cludes tin f SnV silver (AeV and^ in)cr (Cu); 

wlt crcin the tin h as a weight nercont c oncentration i n th e alloy in a r an fi c of 90% to q5 S<>^ 
wherein th e s ilver has a wei oh t p i-irfftnt cnnce nlration in the a llQV.. not exceeding ab jairtt 

2.8%, whei^nii the copper has a weight percent concentration in the alloy docs nol exceed about 

0.9%. 
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84. (Currently amended) A method for fonninfi a soldef composition, comprising: 

providing a solder alloy, wherein the alloy is substantially free oflcad. wherein tlie alloy 
includes tin (Sn), silver (Ag). and copper (Cu), wherein the tin ha<s a weight percent 
conwiUration in Ihc alloy in a rungc of 90% to 95%, wherein the silver has a weight percent 
conccnlailion in the alloy not exceeding about 4.0%, and wherein the copper has a weight 
percent cojiccntration in the alloy not exceeding about 1.5%; 

melting the alloy by heating the alloy, and 

solidi Tying the melted alloy by cooling the melted alloy at a cooling rate that is higli 
Bnoiiiih to substantially suppress AgjSn plate formation in the alloy during said cooling, wherein 
th e coolint; rate is in a raneo of about 1 .2 °C /sgc_ to about 3.0 _!C/sco. 

85. (Previously presented) The method ofclaim 84, wherein the cooling rate is at least 1.2 

86. (Cancelotl) 

87.. (Previously presented) The method ofclaim 84, wherein the weight percent concentration of 
silver in the alloy docs not exceed about 2.8%. 

88. (Currently amended) A method for forrning a solder composition, comprising: 

providing a solder alloy, wherein the alloy is substantially free of lead, wherein the alloy 
includes tin (Sn), .silver (Ag), and copper (Cu), wherein the tin has a weight percent 

10/078,020 17 
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